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Abstract
Dung has been an important material used by humans since at least the early Neolithic Period. It accumulated within
domesticated animal enclosures and it was used as fuel and fertiliser as well as construction material. While the
formers were studied in details, to date, the use of dung as a construction material received less attention. Here, we
present a geo-ethnoarchaeological pilot study aimed at understanding the archaeological formation processes of
outdoor dung-plastered floors and the possibility to identify dung markers. We studied two house terrace in a rural
village from a humid tropical environment in South India (Western Ghats). Sediment samples were collected from
the plastered terrace surfaces, the terraces embankment and from forest soil controls. Multi-proxy analysis of the
samples included infrared spectroscopy, phytolith and dung spherulite quantification, loss on ignition, elemental
analysis and micromorphological analysis. The plastering of the floors was made by mixing a quantity of dung
with water and by spreading the slurry unevenly across the terrace. This result in formation of a 0.1- to 0.5-mm-
thick dung crust that the analyses showed to be rich in humified organics but with very low concentrations of
phytoliths and dung spherulites. The careless spreading of the dung slurry, however, resulted in localised deposition
of dung lumps that displayed relatively high concentrations of phytoliths, dung spherulites, organic matter, phospho-
rus and strontium. The generally low preservation of dung markers seems to be related to pre- and post-depositional
processes. Forest arboreal plants are low phytoliths producer, having therefore little input of these siliceous bodies in
the animal faeces. Post depositional processes included trampling, sweeping and water runoff that caused severe
mechanical weathering, resulting in the heavy decay of the dung crust and the removal of dung residues from the
terrace surfaces. In addition, the acidic conditions of a humid tropical environment likely promoted the complete
dissolution of dung spherulites. This study provides new data and insights on the potentials and limitations of dung
identification in outdoor settings in humid tropical environments. We suggest possible directions for advancing the
study of archaeological dung used as construction materials.
Keywords Dung . Geo-ethnoarchaeology . Humid tropical environment . Plastered floors . Phytoliths
Shira Gur-Arieh and David E. Friesem contributed equally to this work.
* Shira Gur-Arieh
shira_gur@eva.mpg.de; shiragura@gmail.com
* David E. Friesem
df360@cam.ac.uk
1 Plant Foods in Hominin Dietary Ecology Research Group, Max
Planck Institute for Evolutionary Anthropology, Deutscher Platz 6,
04103 Leipzig, Germany
2 Institute of pre- and protohistory and the archaeology of the middle
ages, Eberhard Karls Universität Tübingen, Burgsteige 11,
72070 Tübingen, Germany
3 Department of Humanities, CaSEs Research Group, Universitat
Pompeu Fabra and IMF-CSIC, Barcelona, Spain
4 ICREA, Pg. L. Companys, 23, 08010 Barcelona, Spain
5 Department of Anthropology, University of Haifa, Mount Carmel,
31905 Haifa, Israel
6 McDonald Institute for Archaeological Research, University of
Cambridge, Downing Street, Cambridge CB2 3ER, UK
7 Zinman Institute of Archaeology, University of Haifa, Mount
Carmel, 3498838 Haifa, Israel
Archaeological and Anthropological Sciences (2019) 11:2683–2698
https://doi.org/10.1007/s12520-018-0682-y
Introduction
The remains of dung found in archaeological sites bear impor-
tant information regarding human-animal relations, animal
domestication, human-environment interaction, paleo-
environmental reconstruction, subsistence practices and econ-
omy among other things. The use of dung marks a technolog-
ical development and broader exploitation of resources de-
rived from animals. It can be used as fertiliser (McCann
1997; Bogaard et al. 2013; Gur-Arieh et al. 2013), as fuel
(Anderson and Ertug-Yaras 1998; Milek 2012; Portillo et al.
2012, 2014, 2017; Gur-Arieh et al. 2013, 2014; Spengler III
et al. 2013, 2014a, b, 2016; Spengler III and Willcox 2013;
Doumani et al. 2015) and also as construction material (Mbae
1990; Reddy 1998; Boivin 2000; Matthews 2005, 2010;
Karkanas 2006; Macphail et al. 2007; Viklund et al. 2013;
Portillo et al. 2014; Berna 2017). The domestication of herd
animal, beginning at the middle of the 11th millennium BP in
the Near East (Vigne 2011) increased the accumulation and
availability of animal dung to prehistoric societies. Evidence
for dung accumulation in animal enclosures and for the use of
dung as fuel can be found as early as the pre-pottery Neolithic
A (PPNA) in Turkey and the pre-pottery Neolithic B (PPNB)
in the Levant and the Caucasus (Portillo et al. 2009, 2014;
Stiner et al. 2014; Kadowaki et al. 2015). From the Neolithic
period onwards, the use of dung became more common, par-
ticularly in arid environments where wood is scarce (Kramer
1982).
The identification of dung in the archaeological record is
not always an easy task and it requires laboratory-based anal-
ysis. Dung is identified based on several proxies from the
macro- to the micro-scale such as charred macro-botanical
remains as seeds (usually with higher representation of wild
plants) and chaff (Miller 1984a, b, 1996), insects (Smith et al.
2014), high concentrations of grass phytolith (silicified plant
cells) (Albert et al. 2008) and the presence of dung spherulites
that are monohydrocalcite spheres created in herbivore guts
(Brochier 1983; Canti 1997; Shahack-Gross et al. 2003). In
such cases of good organic matter preservation, there can be
the presence of intestinal parasites typical of herbivores and/or
high levels of δ15N (Shahack-Gross 2011), as well as the
dung itself (e.g. for goat/sheep dung: Rasmussen 1993;
Rosen et al. 2005; for cow dung: Akeret and Rentzel 2001;
camel dung: Zhang et al. 2013). The different ways in which
dung has been used and deposited in archaeological sites (e.g.
on surfaces of animal enclosures, in combustion features as
fuel and as construction material) and the different chemical
environments and taphonomic processes, result in variable
archaeological indicators for the formation of dung as an ar-
chaeological material.
Many geoarchaeological researchers working on the iden-
tification of dung turn to ethnoarchaeological contexts to
study the use of dung and its impact on the formation of
archaeological evidence (see Friesem 2016 for overview on
geo-ethnoarchaeology). The use of dung as fertiliser was re-
corded ethnographically by Watson (1979) and by Kramer
(1982) in Iran. Shahack-Gross et al. (2003, 2004) studied an-
imal enclosures in Maasai sites in Kenya and the results were
later used to identify Neolithic pastoral sites in East Africa by
means of stable nitrogen and carbon isotopes analysis and soil
micromorphology (Shahack-Gross et al. 2008). Macphail
et al. (2004) who studied animal enclosures in an experimental
farm in England, identified similar patterns of formation and
degradation processes of dung to the ones identified by
Shahack-Gross et al. (2008). Reddy (1998) and Lancelotti
and Madella (2012) studied modern dung cakes in India to
investigate their macro- and micro-remains in order to assess
their potential as proxies for the use of dung in antiquity.
Zapata Peña et al. (2003), Gur-Arieh et al. (2013) and
Portillo et al. (2017) studied the use of dung as fuel in
Morocco, Uzbekistan and Tunisia, respectively, to gain a bet-
ter understanding of the use and fuelling practices of ancient
mud-constructed ovens bymeans of phytolith analysis, micro-
morphology and Fourier transform infrared (FTIR) spectros-
copy. Lancelotti et al. (2017) investigated fuel practices based
on dung through integrated analysis of phytoliths and chemi-
cal elements of samples collected in a domestic compound in
North Gujarat, India.
While the indicators for dung accumulation in animal en-
closures and the use of dung as fuel were studied in ethno-
graphic and archaeological contexts (e.g. McCann 1997;
Simpson et al. 2003; Macphail et al. 2004; Zapata Peña et al.
2003; Shahack-Gross et al. 2005; Portillo et al. 2009, 2014;
Portillo and Albert 2011; Gur-Arieh et al. 2013, 2014;
Lancelotti et al. 2014), evidence for the use of dung as a
construction material is relatively less studied. Shahack-
Gross et al. (2004) and Mbae (1990) documented the use of
dungmixed with ash to cover wooden framed walls of Maasai
huts. Goodman-Elgar (2008) identified the use of dung as
temper in abundant earthen dwelling in the Bolivian Andes
using micromorphology. Reddy (1998) and Boivin (2000)
documented the use of dung to plaster floors in India, while
Berna (2017) conducted a micromorphological study of dung
plaster floors in South Africa. Lanzhe (2013) documented the
use of yak dung in the Tibetan Plateau as the main construc-
tion material used to build animal enclosures and even chil-
dren’s toys.
The use of dung as construction material has been so far
identified in the archaeological record mostly as part of plaster
floors. Karkanas (2006) identified, by using micromorpholo-
gy, dung ashes mixed with red clay to form floors in Neolithic
caves in Greece. Portillo et al. (2014) identified the presence
of dung spherulites in red clay plastered floors and gypsum
plastered features (a bin and a channel) in the PPNB site of
Tell Seker al-Aheimar in Syria. Love (2012) observed dung
spherulites in mud bricks from Neolithic Çatalhöyük,
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although it is not clear whether the dung was added to the
matrix as ashes or in fresh form. Macphail et al. (2007) and
Viklund et al. (2013) recognised the use of dung as wall daub
from sites located in NW Europe, where the cold humid en-
vironment favoured the preservation. What seems to be a rel-
ative underrepresentation of dung being used as construction
material raises questions regarding the reasons for this ab-
sence; is it because of human choice, where dung was only
used as fuel and fertiliser until more recent times, or is it due to
post depositional, taphonomic or analytical processes that re-
sult in less obvious archaeological signature? This absence is
especially striking, as many ethnographic works demonstrate
the widespread use of dung as an invaluable construction ma-
terial (Mbae 1990; Reddy 1998; Boivin 2000; Shahack-Gross
et al. 2004; Lanzhe 2013; Berna 2017).
This problem calls for more research on the use of dung as
construction material in general, and for plastering floors in
particular as this use has been documented ethnographically,
and in very few exceptional examples also identified in ar-
chaeological contexts. Better understanding of human behav-
iour related to the formation and degradation processes of
dung plaster surfaces is needed in order to define the best
indicators (markers) for the archaeological identification of
dung. In addition, it would be important to trace these markers
to distinguish dung plaster floor surfaces from other dung
deposits such as dung surfaces in animal enclosures and dung
heaps. So far, no work has highlighted the markers for dung
use in humid tropical environments even if dung plaster floor
surfaces were sometime archaeologically identified in temper-
ate, semi-arid and arid environments. The aims of this geo-
ethnoarchaeological pilot study are therefore twofold (1) to
understand the archaeological formation processes of dung-
plastered outdoor surfaces, and (2) to assess the influence of
humid tropical environments on the preservation of dung
residues.
Materials and methods
Ethnoarchaeological fieldwork and sampling
Fieldwork was carried out in a contemporary rural village
located in the hills of the Western Ghats in South India at an
altitude of ca. 900 m above sea level (Fig. 1a). The area has a
humid tropical climate with temperature range from 17 to
37 °C and average annual precipitations of 2600 mm. Most
precipitation falls during the monsoon season, from June to
September (Jayakumar and Nair 2013).
The geology of the area is characterised by plutonic and
metamorphic rocks (e.g. charnockites and enderbites) (Sahoo
et al. 2016). Sediments originating from the weathering of
these rocks undergoing pedogenesis below the forest canopy
produce laterite-type soils (latosols), reddish in colour and
composed mainly of clay, quartz and iron/aluminium oxides
(Friesem et al. 2016).
Fig. 1 Location of site and samples. a Map showing the location of the
study area (in white circle) in the mountain ridge of the Western Ghats,
south India. The Blue Marble Next Generation data is courtesy of Reto
Stockli (NASA/GSFC) and NASA’s Earth Observatory. NASA/Goddard
Space Flight Center Scientific Visualisation Studio. The country data is
taken from the CIAWorld DataBank II. b The exterior terrace in locality
A with location of the bulk sediment samples. c The exterior terrace in
locality B with the location of the bulk sediment samples. Samples B1–3
represent the location block sediment samples for micromorphological
analysis
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Two localities (A and B) belonging to two different house-
holds within the same village and representing dung-plastered
terraces were sampled in 2012 and 2015, respectively
(Table 1, Fig. 1b, c). The terraces were artificially built to
create flat activity areas. They were covered with a layer of
dung plaster as part of the household routine maintenance.
Sediment samples were collected from the exterior part of
the terraces, adjacent to each house. Bulk sediment samples
(locality A, n = 7; locality B, n = 18) were collected by open-
ing small sections in the terrace surface and sampling between
3 and 10 g of sediments using a metal spoon from (1) the
uppermost crust (a few mm thick), (2) just below the crust
(to a depth of few cm) and (3) the lower terrace sediment (to
a depth of up to 10 cm). Three undisturbed sediment samples
for micromorphology were collected from the terrace floor of
locality B. A control sample for dung was collected from a
dung lump left on the terrace surface as a result of the hetero-
geneous nature of the dung slurry (see description in
‘Ethnographic observations’). Regional sediment samples
(n = 2) from outside the site were collected as controls. The
samples were registered, photographed, and inserted into plas-
tic bags. The inhabitants of each house were interviewed
Table 1 A list of all the samples sorted by field location and the results of mineralogical analysis (using FTIR), organic matter content and
concentration of phytoliths and dung spherulites
Sample Field description Major minerals Organic
matter (%)
Phytoliths in 1 g burnt
sediment (106)
Spherulites in 1 g burnt
sediment (106)
Dung crust A_2 Grey crust on surface Kaolinite, quartz 10.0 1.56 –
A_4 Mixed grey crust on surface with
brown sediment below
Kaolinite, quartz 9.8 0.50 –
A_5 Fresh dung lump on terrace
surface
Kaolinite, quartz, organic
matter, opal
71.2 69.36 1.64
A_6 Very hard grey crust on surface Kaolinite, organic matter 28.0 13.63 –
B_1 Thin grey-brown crust on surface Kaolinite, quartz 11.6 0.97 –
B_5 Grey-brown crust on surface with
some fibres
Kaolinite, quartz 11.9 0.77 –
B_6 Grey crust on surface with many
fibres
Kaolinite, quartz 24.8 2.08 –
B_9 Grey-brown crust on surface with
fibres
Kaolinite, quartz 14.3 0.32 –
B_10 Grey-brown crust on surface Kaolinite, quartz 14.4 0.19 –
B_12 Grey-brown crust on surface Kaolinite, quartz 11.9 0.14 –
B_15 Grey-brown crust on surface Kaolinite, quartz 18.6 0.68 –
B_16 Grey-brown crust on surface Kaolinite, quartz 12.8 0.60 –
Below dung
crust
A_3 Brown-red sediment with small
stones below crust
Kaolinite 6.8 0.30 –
A_7 Hard brown sediment below crust Kaolinite 6.5 0.64 –
B_2 Red aggregates from sediment
below crust
Kaolinite, quartz – – –
B_3 Light brown sediment below crust Kaolinite, quartz 12.0 0.39 –
B_7 Dark red sediment below crust Kaolinite, quartz 7.8 0.34 –
B_13 Dark red sediment below crust Kaolinite, quartz 11.9 0.14 –
B_17 Red sediment below dung crust Kaolinite, quartz 10.8 0.20 –
B_18 Red sediment below dung crust Kaolinite, quartz 9.5 0.46 –
Lower terrace
sediment
A_1 Brown-red sediment below
terrace
Kaolinite 11.3 0.48 –
B_4 Brown sediment Kaolinite, quartz 9.0 0.46 –
B_8 Brown-yellowish sediment Kaolinite, quartz 12.8 0.70 –
B_11 Dark red sediment with black
particles
Kaolinite, quartz,
charcoal (black
particles)
14.7 0.19 –
B_14 Brown-yellowish sediment Kaolinite, quartz 9.6 0.30 –
Control B_19 Light brown sediment outside the
village
Kaolinite, quartz 16.7 0.39 –
B_20 Light brown sediment outside the
village
Kaolinite, quartz 13.7 0.57 –
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(unstructured interviews) about the activities associated with
the spreading of dung on the terrace surfaces. Our aim was to
test if the amount of phytoliths coupled with spherulites, ele-
mental composition and micromorphology of floor sediments
can be used as markers for outdoor dung-plastered surfaces
under humid tropical environments.
Mineralogical analysis via FTIR spectroscopy
All samples (Table 1; n = 27) were analysed using Fourier
transform infrared (FTIR) spectroscopy in order to identify
the mineral and organic components. The spectra were col-
lected using the KBrmethod (Weiner 2010) between 4000 and
250 cm−1, at 4 cm−1 resolution using a Thermo Nicolet 380
spectrometer and interpreted using an internal library of infra-
red spectra of archaeological materials at the Kimmel Center
for Archaeological Sciences at the Weizmann Institute of
Science.
Loss on ignition
The percentage of organic matter within the samples (Table 1;
n = 26) was calculated based on weight loss on ignition.
Samples were heated in a furnace oven for 4 h at 500 °C
and the difference between the initial weight and the weight
following the burning was calculated.
Phytolith analysis
Phytoliths are hydrated silica (opal- SiO2·nH2O) microfossils
that form within and between the cells of living plants
(Piperno 2006). Bulk sediment samples (Table 1; n = 26) were
analysed for phytolith concentrations following Katz et al.
(2010), a method that was chosen in order to provide phytolith
concentration in units comparable to dung spherulite concen-
trations (see below). In order to eliminate organic matter, sam-
ples were first heated in a furnace for 4 h at 500 °C before
extraction. The samples were scanned using a light micro-
scope (Zeiss Axio) to count individual phytoliths in about
30–40 fields at ×400 magnification. Multi cells (MC) articu-
lated phytoliths were counted according to the number of sin-
gle cells inside them to avoid a possible bias, where better-
preserved samples appear to have lower concentrations than
they actually have. At this stage, we did not carry out an
analysis of phytolith taxonomy since there is currently no
detailed reference collection for the area and no data was col-
lected regarding the animals’ diet.
Dung spherulites analysis
Dung spherulites are spherical bodies that form in the intes-
tines of animals, especially ruminants. Their size ranges from
5 to 20 μm and they are composed of radially crystallised
monohydrocalcite (Canti 1997, 2017; Shahack-Gross 2011).
They appear as a bluish-pinkish transparent sphere under
plane-polarised light (PPL), and can be identified by their
permanent cross of extinction and low-order white to
second-order orange interference colours under crossed-
polarised light (XPL) (Brochier 1983; Shahack-Gross 2011).
Dung spherulite concentrations in the samples were deter-
mined using the method developed by Gur-Arieh et al.
(2013). About 100 mg of sample (n = 26) was burnt in
500 °C for several minutes to remove organic material. The
sediments were then sieved with a 150-μ mesh size sieve and
placed into a 0.5 ml Eppendorf tube. After adding 500 μl
sodium polytungstate (SPT) at 2.4 g/ml density, the samples
were sonicated for 10 min. After sonication, they were
vortexed for about 3 s and immediately, a 50-μl aliquot was
placed on a slide that was scanned under the microscope (A1
Zeiss Axioscope) in XPL at ×400 magnification. About 30
fields of view were observed in each sample slide.
Elemental analysis using inductively coupled
plasma-atomic emission spectrometry
Multi-element analysis was carried out using inductively
coupled plasma-atomic emission spectrometry (ICP-AES) to
provide quantitative data on the chemical elements. Due to the
limited number of samples with a sufficient amount of sedi-
ment (>3 g) only a subset of samples from locality B (Table 2;
n = 17) was sent to ALS Laboratory Group in Seville (Spain),
where they were pre-treated with aqua-regia digestion and
ICP-AES analysed to measure the concentration of 35 main
elements from aluminium to zinc (see Table 2).
Micromorphological analysis
Thin sections for micromorphological analysis were made
from undisturbed floor samples. The samples were dried in
an oven at 30 °C and then impregnated using a 9:1 mixture of
polyester resin with acetone and 1% v/v MEKP. Pre-cut sam-
ple slices were ground to 30-μm thickness thin sections. Thin
sections were studied with a petrographic microscope at mag-
nifications ranging from ×4 to ×200 with PPL and XPL.
Ethnographic observations
The studied village belongs to a small rural community of ten
households; each house in the village is situated on a flat ter-
race built by cutting into the forested hill-slope. Traditionally,
the local population had a subsistence economy involving for-
aging from the forest, small-scale animal husbandry and agri-
culture, also supplemented by some work in neighbouring
farms (Hockings 2012). Currently, most people work at the
nearby plantations for daily wages; several households own a
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couple of cows, which are kept in sheds near their house. A
few own chickens, and some cultivate tea, pepper and coffee.
Recent initiatives by local non-governmental organisations
(NGOs) and the government resulted in the construction of
new houses built of concrete, bricks and clay tiles that replaced
the traditional ones made of forest timber and mud. Women
carry out most of the domestic maintenance, while both men
and women work in the plantations and tend the domestic
animals. Cows are mainly used for milk but dung is an impor-
tant household resource. According to our informants, the
cows graze freely in the village area and their food is mainly
composed of forest vegetation, though we did not record the
type of plants the cows grazed on. Traditionally, cow dung is
used for construction (mainly for plastering floors and walls)
and fuel (although forest timber is the major fuel source used
by these groups). Today, as part of the NGOs’ initiatives, dung
is also employed to produce biogas for cooking hobs installed
in the new houses.
The exterior terrace surface of each house was covered
with a thin layer of dung plaster. The production of the dung
plaster started by sourcing the rawmaterial from a pile of dung
stored in the cowshed. The pile of fresh dung was placed on
the terrace and then mixed with water to make a dense sus-
pension that was spread in a thin layer all over the terrace
using a broom made of grass stems (Fig. 2a). Where the dung
pile is initially placed on the terrace surface, few unmixed
lumps often remain and dry in place. The spreading of the
dung slurry formed a few-millimetre-thick layer of dung on
the terrace surface. After the water evaporated the layer be-
came solid and with a crusty appearance (Fig. 2b). In some
cases, the vegetal fibres originating from the dung could clear-
ly be observed (Fig. 2c). The spreading of dung was not
always carried out homogeneously, leaving in some parts a
relatively thick deposition of dung lumps (Fig. 2d).
The reason mentioned for spreading dung on the terrace
floor was that the dung attracts flies and other insects, keeping
them away from the house. A few people even mentioned the
addition of garlic to the mixture, apparently for the same pur-
pose. Sweeping of the terrace was carried out on a daily basis.
After several days, the thin grey dung crust began to deterio-
rate revealing the reddish local sediment below. According to
our informants, when the terrace floor acquired again a red
colour, a new layer of dung is applied, and this occurred from
every week to every few weeks. In average, every 10 days, a
new dung mixture was prepared and applied on the terrace
surfaces. The practice of plastering activity surfaces with dung
was observed in many different communities in the region and
should not be regarded as a specific local practice. However,
the reasons for which this plastering is carried out can be very
different, from (as in here) relief from insect to create working
surfaces, or simply to diminish the amount of dirt brought into
the house.
Results
All sediment samples have similar mineralogical composition
with kaolinite (a clay mineral, Al2Si2O5(OH)4) as the major
component shown by absorbance bands at 1031, 1008, 1111,
912, 797, 754, 694, 536, 471, 3697 and 3620 cm−1 (Fig. 3a,
b). FTIR analysis also highlighted that samples collected
below the dung surface from both localities A and B are
identical to the regional sediment control samples (Fig. 3b),
this being the natural soil of the forest. The most striking
Fig. 2 The dung plaster on the
terrace floor surface. a Spreading
fresh dung by adding water to
fresh dung and smearing it on the
terrace floor surface. b The small
trench made in the terrace surface
for sampling. Note the upper
crusty thin layer overlain a
brown-red sediment below. Scale
bar = 20 cm. c Close-up on the
terrace floor surface showing thin
dung crust with fibres. Note how
the dung crust is deteriorated in
the centre of the photograph
revealing the lower brown
sediment. Scale bar = 20 cm. d
The location of a sample (A_5)
identified in the field as a dung
lump. Note the relative
concentrated deposit of dung
material. Scale bar = 20 cm
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differential characteristic of the terrace dung crust was a mix
composition of kaolinite (from the forest sediments) and
organic matter (from the dung). Organic matter was
identified based on the presence of absorbance bands at
2922, 2852 and 1641 cm−1, as well as a broad band in the
range 1600 and 1350 cm−1. Minor absorbance band at
1383 cm−1 is associated with sodium nitrate, a soluble salt
that precipitates at the surface due to water evaporation
(Weiner 2010). The presence of phytoliths, originating from
the plant material in the dung, is evidenced by characteristic
opal absorbance bands (Fig. 3c). A sample of fresh dung (A_
5) deposited on the terrace surface (Fig. 2d) provided a com-
parative infrared spectrum for this component, which showed
high concentrations of organic matter and opal (Fig. 3d).
The results for organic matter content and phytolith con-
centration are presented in Table 1 and Fig. 4. The regional
sediment showed a range of 14–17 weight percentage of or-
ganic matter (henceforth wt%OM), low phytolith concentra-
tion in the range of 0.39–0.57 million phytoliths per 1 g of
sediment (henceforth M phyt/g) and no dung spherulites were
observed. The terrace sediments from well below the dung
surface (n = 5) exhibited characteristics and values similar to
the regional sediments with a range of 9–15 wt%OM and
0.19–0.70 M phyt/g, and no dung spherulites observed.
Sediment samples were also collected just below (in contact
with) the dung crust. This group of samples (n = 7, excluding
sample B_2 composed of red sediment aggregates that was
too little for phytolith analysis) yielded a range of 7–
12 wt%OM, 0.14–0.64 M phyt/g; again, none of the samples
had dung spherulites. The last group of samples (n = 12) was
collected from the surface of the terrace floor, representing the
thin millimetric layer of dung crust (Fig. 2c). This set of sam-
ples had the highest concentrations of organic matter with 10–
28 wt%OM. However, the phytolith concentrations were very
variable with three of the samples having very low concentra-
tions (< 0.3 M phyt/g) and five samples having between 0.5
and 1 M phyt/g. Two samples, on the other hand, had relative-
ly high concentration of phytoliths with 1.58 and 2.08M phyt/
g and one sample reaching 13.63 M phyt/g. The crust sample
identified as a dung lump had 70 wt%OM, typical of fresh
dung (Shahack-Gross 2011), and very high phytolith
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(i.e. phytoliths and dung
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d
Fig. 3 FTIR spectra of representative samples. a Regional sediment
control sample showing kaolinite as the major mineral component with
absorbance bands at 3697, 3620, 1031, 1008, 1111, 912, 797, 754, 694,
536 and 471 cm−1. b Terrace brown-red sediment below dung crust
showing identical spectrum to the regional sediment. c Upper dung crust
showing moderate amount of organic matter, as evident form the absor-
bance bands at 2922 and 2852 cm−1, higher band at 1641 cm−1 and a
broad band in the range between 1700 and 1300 cm−1. The absorbance
band at 1383 cm−1 is associated with sodium nitrate. The presence of
phytolith, originating from the dung is shown by absorbance bands char-
acteristic to opal at 1094 cm−1 and the fact that the silicate doublet at 797
and 778 cm−1 is less defined, probably as a result of the opal broad band at
800 cm−1. d Dung lump showing very high concentrations of organic
matter (evident by high absorbance bands at 2922 and 2852 cm−1 and
in the range between 1700 and 1300 cm−1) and clear presence of opal at
1093 cm−1 and possibly also hydrated calcium oxalate (whewellite—
CaC2O4·H2O) evident by the absorbance band at 781 cm
−1
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concentration of 69 M phyt/g. It is also the only sample where
dung spherulites were identified, with a concentration of
1.6 M per 1 g of sediment (Table 1, Fig. 4).
Representative samples from locality B (n = 15) were
analysed by ICP-AES for elemental composition. In addition,
the two regional sediment control samples were measured
with one of them (B_20) in duplicate to test the precision of
the analysis. All the results are presented in Table 2. For com-
parison between the different sample groups we used elements
associated with dung such as: phosphorus (P), potassium (K),
strontium (Sr) and calcium (Ca) (Lancelotti and Madella
2012). Overall, the results showed that while the regional sed-
iment presented the lowest concentrations of these elements,
the samples from the crust on the top of the terrace floor
surface presented significant enrichment of these elements.
The samples collected just below the crust showed higher
values than the ones lower down and these latter had higher
concentrations than the regional sediment (Fig. 5). Among the
crust samples one sample (B_12) showed relatively low con-
centrations of the indicative elements suggesting advanced
decay of the dung crust. Within the group of samples collected
just below the dung crust, one sample (B_7), presented high
concentrations similar to the dung crust samples. This may
hint to the preservation of a previous dung layer just below
the sampled one.
Micromorphological analysis described the terrace sedi-
ment to be composed of a clay-rich groundmass with a
speckled b-fabric. The coarse fraction presented silt to
coarse sand-sized grains of quartz at 10% abundance, along-
side other minerals such as hornblende, biotite, and plagio-
clase, all with abundance of less than 5%. The sediment
showed a porphyric c/f related distribution and a complex
microstructure with moderate degrees of bioturbation.
Micromorphological analysis of thin sections made from
the terrace floor divided the samples into two types of
micro-facies (Fig. 6). The lower facies, ca. 2 mm below
surface, did not exhibit high abundance of anthropogenic
residues, besides scarce charcoal fragments. The upper fa-
cies ranging between 0.5- and 2-mm thick, is characterised
by compaction and elevated concentration of humified or-
ganic matter which decreased with depth. The compaction
and the presence of sub-horizontal cracks are both indica-
tive features for trampling (Gé et al. 1993; Rentzel et al.
2017). While the lower part of the upper facies showed a
diffuse contact with the lower facies, the top of the upper
facies presented a very thin layer, ranging between 0.1- and
0.5-mm thick, of humified laminated organic matter with
localised yet intensive disaggregation. This thin layer can
be associated with the dung crust at the top of the terrace
surface. Among the three block sediment samples collected
for micromorphological analysis, only two presented an up-
per organic-rich facies while the third sample showed only
the regional sediment fabric.
Discussion
Deposition pattern
In our case study, the spreading of dung is carried out uneven-
ly and the slurry of dung and water forms a very thin (0.1–0.5-
mm thick) and discontinuous crust. This heterogeneous depo-
sitional pattern is reflected in the diversity of dung signal
highlighted by the analysed samples. Our results show that,
although the terrace was plastered regularly (in our case about
10 days before sampling), the signal for the presence of dung
is evident only within the first millimetre of deposit, directly
related to the dung plaster. The samples from the outermost
surface, which are related to the dung crust, floor have a var-
iable composition in respect to the dung component. Some
showed moderate concentrations in phytoliths and organic
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matter while in other these components were non-relevant. At
the same time, all the samples but one showed higher concen-
trations of P, K, Sr and Ca in comparison to the sediments
below the crust (the forest soil). The micromorphological
analysis was able to identify a thin layer rich in humified
organics with signs of trampling in the uppermost part of the
terrace floor samples. However, this feature cannot be used as
an unequivocal evidence for dung-plastered floors since other
human activities may result in a similar signal. One of our
samples (B_7), originating from below the dung crust, showed
a relatively high concentration of P, K, Sr and Ca, which
suggests the preservation of a previous layer of plaster.
While overall the majority of surface samples exhibited a
moderate to low dung signal, the dung lump left on the terrace
surface during the hasty plastering of the floor had very high
dung markers (e.g. sample B_5). Therefore, the archaeologi-
cal deposition of such dung lumps has high potential for pre-
serving clear dung signals. It is also possible that the combi-
nation of a very humid and hot climate and the practice of
mixing with water to produce a slurry facilitate the quick
dissolution of dung spherulites.
The type of floor and practices we report here differ from
the plastering practices described by Boivin (2000) and Berna
(2017), where the dung plaster mixture is carefully prepared
and several plaster layers could be identified in a sequence.
Boivin (2000) observed the seasonal floor plastering indoors
(therefore less exposed to the elements) as part of a carefully
performed ritual. Berna (2017), who worked on floor plaster
inside a church, noticed that in areas where trampling was
more frequent the top dung plaster was abraded in a few years.
The areas that were less exposed to trampling exhibited a
millimetre-thick layer of amorphous organic matter with grass
stems in which the author identified cellulose and phytoliths.
However, Berna (2017) examined a recent context where dia-
genesis was not an issue, and it is reasonable to assume that
with time the volume of this plaster layer will reduce signifi-
cantly (Shahack-Gross et al. 2005). In addition, the plastering
activities observed by Boivin (2000) and Berna (2017) used
more refined plasters, where dung was mixed with water and
clay to produce a much finer and plastic paste than the one
observed in our case study.
It should be noted that signal intensity for archaeological
dung would be also affected by the original compositional
characteristic of the dung used for plastering. The presence
of phytoliths and spherulites in dung can vary depending on
the animals’ diet, environmental conditions, seasonality and
even the animal age and sex (Canti 1999; Lancelotti and
Madella 2012). In our case study, we suggest that the animal
diet is based mostly on plants with a low phytolith production
(such as the tree and shrubs of a tropical forest), which in turn
Fig. 6 Micromorphological analysis of the terrace floor. aMicrophotograph
of the terrace floor presenting the lower facies (1), showing characteristics of
natural sediment, and the upper facies (2), showing elevated concentrations of
humified organics, sub-horizontal cracks due to trampling and diffuse contact
with the lower facies. The top of the upper facies represents the dung crust
with compact humified organic (arrow) and localised intensive
disintegrations. The rectangular shows the area photographed (c).
Photograph taken in plane-polarised light (PPL). b Same photograph taken
in crossed-polarised light (XPL). c Zoom in on the upper facies and the dung
crust. Note the disintegration of the crust and the diffuse contact between
facies 1 and 2. Photograph taken in PPL; d same photograph taken in XPL
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can explains the generally low phytoliths concentrations even
in the samples composed mostly of dung when compared to
previous studies in other parts of the world (Lancelotti and
Madella 2012; Gur-Arieh et al. 2013; Portillo et al. 2017).
Future studies should investigate the effect of animal diet in
humid tropical forests on the quantity and quality of phytoliths
and spherulites.
Post depositional and taphonomic processes
The post depositional dynamics affecting the preservation of
dung-plastered surfaces can be related to a set of processes: (1)
anthropogenic erosive processes (the removal of material due
to human activity during the life of the floor or after abandon-
ment), (2) natural erosive processes, e.g. (rain and water flow);
(3) the chemistry of the depositional environment and (4) bio-
turbation. In our ethnographic setting, trampling and sweeping
were the main anthropogenic mechanical activities that re-
moved dung material from the surface during the floor life-
time. Repetitive trampling, either by people or by the live-
stock, resulted in the deterioration of the thin dung crust (see
also Berna 2017). Daily sweeping contributed to the removal
from the terrace surface of the plaster debris produced by
trampling (see also Friesem and Lavi 2017 for the effect of
sweeping on the preservation of microscopic floor deposits
among foragers in South India and Milek 2012 among
farmers in Iceland). Our observations indicate that significant
deterioration of the dung plaster can develop in less than a
month from the new plastering episode, although this process
is uneven and we never witnessed a complete abrasion of
dung remains from the entire terrace surface.
Besides the people’s use and maintenance practices, natural
erosion, the chemistry of the depositional environment and
bioturbation all have a significant influence on the preserva-
tion of the dung component and our ability to archaeologically
identify dung plaster. Shahack-Gross (2011) reviewed the
general taphonomic processes affecting dung materials and
divided dung remains found in archaeological contexts into
organic-rich and organic-poor remains. The organic-rich re-
mains may retain the original volume/dimensions, but will
only preserve in environmental conditions with low bacterial
or fungal activity such as in desiccated, waterlogged or per-
mafrost environments (Shahack-Gross 2011). In other cases,
the organic matter would decompose immediately after the
deposition and, unless it is buried rapidly in an anaerobic
environment, it will decompose completely. The decomposi-
tion of the organic matter will release acids that eventually
dissolve the calcitic components of the dung, such as dung
spherulites and calcium oxalates (Shahack-Gross 2011). Dung
spherulites are especially soluble due to high surface to bulk
ratio and dissolution can already start at pH 7 (Brochier et al.
1992; Canti 1999; Shahack-Gross 2011; Gur-Arieh et al.
2014). The decomposition of the organic matter would also
result in volume reduction and the formation of authigenic
minerals (minerals that form in situ) such as calcium phos-
phates, gypsum and sylvite (see also Macphail et al. 2004;
Milek 2012; Friesem et al. 2014). In neutral and alkaline con-
ditions, phosphate minerals are relatively stable and they can
be used as an indicator of decomposed dung (Shahack-Gross
2011). In the case of dung burning, the organic matter is con-
sumed resulting in a better preservation of the calcitic micro-
remains in the archaeological record.
In the humid tropical environment of the Western Ghats
forests, where the soil pH can be lower than 7, carbonates
dissolve rapidly (Friesem et al. 2016, 2017). Thus, the calcitic
micro-remains such as spherulites, calcium-phosphate nod-
ules and calcium oxalates tend to rapidly disappear.
Phytoliths on the other hand preserve better in acidic condi-
tions as long as the pH is above 3 (Cabanes et al. 2011). While
the acidic conditions are favourable, the high monsoon pre-
cipitation and temperatures may facilitate partial dissolution
and runoff water act as a mechanical taphonomic agent, wash-
ing away the phytoliths from the terrace surfaces. High hu-
midity and temperatures in the depositional environment may
also accelerate the leaching of soluble salts and elemental
markers such as P, K and Sr. Friesem et al. (2016, 2017),
who examined both contemporary and abandoned sites of
foragers in the same environmental settings, made evident that
the enrichment of P, K, Sr, Mg, Na, Zn and Ba detected in the
contemporary (lived in) sites was significantly reduced after
30 years of abandonment.
Markers for dung plaster floor surfaces in humid
tropical environment
To date, very few studies investigated markers of dung use for
plastering floors, especially in outdoor contexts. Our pilot
geo-ethnoarchaeological study highlights the challenges and
potentials for the archaeological identification of dung used
for plastering outdoor surfaces in comparison to other contexts
(Table 3). Considering that most studies to date analysed dung
remains in temperate, arid and semi-arid environments in
which grasses and crop by-products are often available, it
was a worthwhile exercise to examine the potential of preser-
vation of dung markers in outdoor floors from humid tropical
environments. The results from the current study show that
contexts in such environments seem to have a diminished
signal in respect to the generally accepted dung markers.
Under the environmental conditions of our sites (and by ex-
tension in an archaeological context in the same environment)
we would not expect to find calcitic micro-remains such as
dung spherulites, calcium-phosphate nodules or other soluble
elements, which quickly dissolve under humid tropical acidic
conditions. In such environmental settings, less-soluble ele-
ments like P and Sr and the concentration of phytoliths is
probably a more reliable marker for dung, evenwhen the input
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of phytoliths in the dung is lowered by the animal diet being
characterised by non-grass plants with low phytolith produc-
tion. From a morphological perspective, micromorphological
analysis supplied evidence for the built-up of a crust com-
posed of humified organics with signs of trampling.
However, the quick decay of the crust observed in the con-
temporary context pose serious doubts about the long-term
preservation of this morphological characteristic.
The high variability of dung markers in the floor samples
suggests that the plastering of outdoor surfaces may be detected
only in localised palimpsests. For example, only two samples
(A_5 and A_6) among the dung crust samples yielded signifi-
cantly higher concentrations of phytoliths compared to the re-
gional sediment samples (Table 1, Fig. 4). All the other samples,
did not differ significantly in their phytolith concentrations and
organic matter content from the sediment below the crust and
from the regional sediment (Table 1, Fig. 4). Furthermore, none
of the crust samples had spherulites. The elemental analysis,
however, can help in separating between the dung crust samples
(n= 7) and the regional control samples, and the sediment below
the crust a (Table 2, Fig. 5). Micromorphological analysis
showed that the crust is characterised by a very thin 0.1–0.5-
mm-thick layer rich in humified organic that correlate to the
elevated distinctive elements. Our current results demonstrated
that the only samples with full-spectrum dung markers are the
dung lumps resulting from the uneven plastering practice. These
dung lumps form a micro-environment in which dung markers
seem to have the possibility to preserve. The structure of the lump
clearly protects the components from the major agents of chem-
ical (pH levels) and mechanical (trampling and runoff water)
weathering. Finally, it is important to note, that while the concen-
tration of phytoliths in the dung lumps in our study are signifi-
cantly higher than in other samples, they are lower than samples
from different environments where animal are fed mainly on
grasses and crops by-products (Lancelotti and Madella 2012;
Gur-Arieh et al. 2013).
Conclusions
Although dung was, and in some cases still is, a major source of
construction material, the use of dung in antiquity has not been
properly approached in the archaeological discourse. This might
be due to the ‘invisibility’ of such resource in the archaeological
record. Whether this invisibility is due to the level of use of this
material in the past, a low preservation in the archaeological
record or the difficulty to identify such material (and the origi-
nating human practices) in the recovered contexts, we believe
that a more comprehensive approach is required. Most of the
studies carried out so far to understand the use of dung in archae-
ological contexts were in arid or semi-arid environments; there-
fore, more work is needed to explore the wide range of environ-
ments in which dung was used and deposited to advance our
understanding of the range and intensity of taphonomic processes
involving dung.
In the current study, we tested the usefulness of different
established proxies for the identification of dung-plastered out-
door floor surfaces in ethnoarchaeological contexts of humid
tropical environments.We have described the domestic andmun-
dane practices of floor plastering, which involve the spreading of
a dung slurry resulting in an uneven and rather fragile thin sur-
face. Post depositional processes on this surface include mechan-
ical decay of the plaster by trampling and sweeping as well as
natural diagenesis processes, which are intensified by the humid
tropical settings and characterised by dissolution of carbonates
and leaching out of chemical elements.
Our case demonstrates that identification of outdoor dung-
plastered floor in humid tropical environment, is highly chal-
lenging. Archaeologically, systematic spatial sampling could
potentially detect palimpsest of localised preservation of con-
centrated dung (e.g. dung lumps), although their unambiguous
attribution to plastering activities may be impossible. We sug-
gest that the best way to approach an understanding of the
different archaeological deposits involving dung is by a com-
bined appraisal: (1) the microscopic structure and depositional
patterns of the context (using micromorphology), (2) the in-
tensity of dung markers (by studying phytoliths and elemental
composition), and (3) the spatial distribution of such markers
(e.g. Lancelotti et al. 2017). In cases where the local flora and
animal diet are well documented, phytolith taxonomic analy-
sis may also contribute to the identification of dung deposits.
In addition, more proxies for dung identification should be
developed. One such possibility would be the use of gas chro-
matography mass spectrometry (GC-MS) for identifying fae-
cal lipids components such as stanols and sterols (Evershed
et al. 1997; Sistiaga et al. 2014) and δ15N stable isotope
enrichment (e.g. Shahack-Gross et al. 2008).
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